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Introduction: Coccidioidomycosis is a common fungal infection primarily affecting the
lungs. The prevalence and the characteristics of pleural effusion in Coccidioidomycosis are
not well described. Therefore, a retrospective analysis of data from patients admitted to a
teaching hospital with a diagnosis of Coccidioidomycosis and pleural effusion was done.
Methods: All patients admitted with a diagnosis of Coccidioidomycosis were identified
using ICD 9 from 114 to 114.9 from computerized medical records. Epidemiological, clinical
and laboratory data were transcribed from medical records of all inpatients. Pleural
effusion was identified using reports of chest radiography, ultrasound and CTscan of chest.
Results: Pleural effusion occurred in 22 of 146 (15%) patients hospitalized for
Coccidioidomycosis. The proportion of patients with pleuritic chest pain, cough and
dyspnea were significantly higher in patients with effusion than without effusion (po0.01).
There was a tendency for pleural effusions to occur more often on the left side
(p ¼ 0.064). Empyema occurred in 22.7% of pleural effusions. Pleural fluid chemistry
showed that all effusions were exudates with a mean (7S.E.M.) pleural fluid eosinophil
count of 10.374.65.
Conclusion: Pleural effusions are common in hospitalized patients with Coccidioidomy-
cosis. Pleural fluid eosinophilia should alert clinician to Coccidioides immitis as a possible
etiological agent especially in an endemic area. Empyema occurred in a quarter of pleural
effusions and resolution required thoracotomy.
& 2007 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
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Coccidioidomycosis is an endemic fungal infection in the
Central Valley of California.1,2 A recent prospective study
has documented that in the endemic areas, Coccidioides
immitis is a causative agent in 16–44% of community
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Figure 1 The increase in the number of pleural effusion in
2005 and 2006 is a reflection of a sharp increase in the
admissions from all clinical forms of Coccidioidomycosis.
Table 1 Clinical features at presentation in Coccidioi-
domycosis.
Clinical
findings
No effusion,
n ¼ 124 (%)
Effusion,
n ¼ 22 (%)
p Value
Fever 56.9 76.2 0.08
Fatigue 40.5 57.1 0.12
Cough 50.9 85.7 0.002
Pleuritic pain 25 47.5 0.03
Dyspnea 35.3 76.2 0.001
Hemoptysis 4.8 11.2 0.33
Weight loss 28 40 0.23
Significant by Chi-square test.
M. Merchant et al.538acquired pneumonia.3 The lung is the primary site of
infection but extra-pulmonary disease has been described
in many tissues.4–8 C. immitis infection is mostly prevalent
in the south western United states and travel to an endemic
area can result in infection.8,9
Richter in 1969 reported no significant pleural involve-
ment following an analysis of 300 cases of pulmonary
Coccidioidomycosis.10 Lonky et al.11 analyzed a total 28
cases of Coccidioidomycosis with pleural effusion. In this
case, series of Coccidioidomycosis, the prevalence of pleural
effusion was estimated at 6%. Following this there have
been no clinical studies done to elucidate the clinical
characteristics and course of pleural effusion in Coccidioi-
domycosis. Therefore, we performed a retrospective study
to characterize the clinical and laboratory features of
pleural effusion in patients admitted with Coccidioidomy-
cosis to a community-based University teaching hospital in
Central Valley of California from June 2000 to July 2006.
Methods
Medical records of all patients admitted to University
Medical Center, Fresno, CA, with a diagnosis of Coccidioi-
domycosis was identified using ICD 9 codes. Epidemiological,
clinical and laboratory data from charts of patients
admitted between January 2000 and July 2006 were
transcribed to a database. Institutional Review Board
approved the conduct of this study.
Using the ICD 9 codes 114 to 114.9, 146 patients were
identified with a diagnosis of C. immitis. From this cohort,
patients with pleural effusion were identified using chest
radiography, ultrasound and chest CT reports. All chest
radiographs and CT of chest with pleural effusion were
reviewed by two physicians to confirm the presence of
pleural effusion. A total of 22 patients were found to have
pleural effusions based on chest imaging. An effusion was
deemed as Coccidioidomycosis effusion in a patient with
serum antibody test confirmed Coccidioidomycosis, if
pleural fluid serology was positive for Coccidioidomycosis,
culture was positive for C. immitis, or the pleural biopsy
histology was positive for Coccidioidomycosis. A Coccidioi-
domycosis empyema was diagnosed when pus was aspirated
from the pleural space and the fluid culture grew C. immitis.
Of the 22 patients with pleural effusions, 14 patients had
evidence of Coccidioidomycosis effusion based on the above
criteria. In the remaining eight patients with pulmonary
Coccidioidomycosis and pleural effusion at presentation, no
other cause for pleural effusion was identified and the
pleural effusion resolved with therapy against C. immitis.
The location of the pleural effusion was identified using
chest radiography or chest CT report. The size of the pleural
effusion on a chest radiograph was designated as small if the
costophrenic angle was obliterated, moderate if the lower
zone was completely opaque, large if the lower and middle
zones were opaque and massive if all three zones were
opaque.
Statistical analysis
The data was compiled in a spread sheet and later
transferred to SPSS for analysis. Categorical variables werecompared using Chi-square test, continuous variables were
compared using student t-test. A p value of o0.05 was
considered statistically significant.Results
Pleural effusions occurred in 22 of 146 (15%) patients
hospitalized with the diagnosis of Coccidioidomycosis. The
male to female ratio was 2:1. The ethnic distribution was as
follows: Hispanic 66%, Caucasian 16%, Afro-American 15%
and Asian 3%. The mean age (year7S.D.) of the patients
with effusions was 41712.2 and 42714 in patients without
pleural effusions. The prevalence of diabetes and HIV
infections were 37 (25.3%) and 8 (5.5%), respectively.
Figure 1 shows the prevalence of pleural effusion in patients
admitted with Coccidioidomycosis from June 2000 to June
2006. Table 1 shows the clinical profile of patients with and
without pleural effusion. Pleuritic chest pain, cough and
dyspnea were reported significantly higher in patients with
effusion than without effusion.
Pleural effusions were small in 8 patients, moderate in 4
patients and large in 10 patients. Of the 22 patients with
pleural effusions, 12 of them had pleural effusions on the
left side, 8 patients had right-sided pleural effusions and in 2
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Table 2 Size and site of pleural effusion in Coccidioi-
domycosis.
Side of effusion Size of effusion Total
Small Moderate Large
Right 4 2 2 8
Left 3 2 7 12
Bilateral 1 0 1 2
Total 8 4 10 22
p ¼ 0.064.
Figure 2 Pleural effusions are more often associated with
Pulmonary Coccidioidomycosis than with disseminated disease.
Table 3 Pleural fluid biochemistry in Coccidioidomy-
cosis (n ¼ 12).
pH Sugar Total
protein
TP
ratio
Fluid
LDH
Mean 7.32 92.42 3.77 0.62 596.50
S.E.M. 0.15 13.85 0.35 0.02 170.35
Median 7.39 88.00 3.45 0.62 236.00
Minimum 6.30 3.00 2.30 0.52 148.00
Maximum 8.30 216.00 6.30 0.80 1827.00
Table 4 Pleural fluid total WBC and differential count in Cocc
Mean S.E.M.
WBC 3469 1347.22
Polymorphs (%) 22 5.88
Lymphocytes (%) 58 7.55
Monocytes (%) 5.5 1.368
Eosinophils (%) 10.3 4.65
Pleural effusion in hospitalized patients with Coccidioidomycosis 539patients had bilateral pleural effusions. There was a
tendency for pleural effusions to occur more often on the
left side (p ¼ 0.064) (Table 2). Coccidioidomycosis limited to
the lung was more often associated with pleural effusion
compared to disseminated disease (Figure 2).
Table 3 shows the pleural fluid biochemistry data analysis
in 12 patients. Except for the five patients with empyema,
the fluid pH and glucose were similar to serum values.
Table 4 shows the results of total white cell count and
differential from 12 patients. The most predominant cells
were lymphocytes. The mean (7S.E.M.) pleural fluid
eosinophil count was 10.374.65 and all patients demon-
strated eosinophils in their pleural fluid.
Five of the 22 patients (22.7%) had evidence of empyema.
The empyema was located to the left hemithorax in three
patients. Three patients presented with pleuritic chest pain,
fever, ipsilateral lung infiltrates and persistent pleural
effusion on chest radiograph. One patient was admitted
for fever, peripheral pulmonary nodule and increasing
ipsilateral pleural effusion. Finally, one patient was trans-
ferred from a nearby hospital with fever, weight loss and a
hydro-pneumothorax. Pleural fluid culture confirmed the
diagnosis in all five patients. All patients with empyema
required thoracotomy in addition to fluconazole therapy for
resolution of symptoms. The length of hospital stay ranged
from 12 to 53 days and all patients with empyema survived.
There were two patients with multi-loculated pleural
effusion without empyema which resolved with antifungal
therapy alone.
The mean (g/l7S.E.M.) serum albumin level in patients
with pleural effusion was 2.9870.24 and was significantly
lower compared to those without effusion 3.6670.07
(p ¼ 0.001). Similarly, the INR value was significantly higher
in patients with pleural effusion 1.2370.05 compared to
those without effusion 1.11+0.02 (p ¼ 0.01).Discussion
This study was unique as patients were recruited from a
single center and the majority of patients had available
chest radiography, CT scan or ultrasound data to document
presence or absence of pleural effusion. The incidence of
pleural effusion in this cohort of hospitalized patients with
Coccidioidomycosis was 15%. Compared to a previous
study,11 the incidence of pleural effusion in the study cohort
was higher. Availability of more sensitive investigative
techniques like CT scan of chest and ultrasound examination
may explain this finding. The incidence of pleural effusion is
likely to be less in outpatients due to milder forms of
disease. Pleural fluid chemistry and cellular analysis resultsidioidomycosis (n ¼ 12).
Median Minimum Maximum
1560 46 13213
15 2 51
58 12 94
4.5 1 15
3.5 1 44
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a reasonable sample for generalization of pleural effusion
findings in patients admitted with Coccidioidomycosis.
The increase in the number of patients with pleural
effusion in the years 2005 and 2006 is a reflection of the
increased number of hospitalized patients with Coccidioi-
domycosis. This is in keeping with recent increase in the
incidence of C. immitis infection attributed to construction
of state prison facilities in the California Central Valley as
documented by Pappagianis.12 Furthermore, ethnicity and
gender had no impact in the prevalence of pleural effusion
in hospitalized patients with Coccidioidomycosis.
Pleural effusion was not a manifestation of disseminated
disease and was more often seen in Coccidioidomycosis
infection limited to the lungs. Furthermore, pleural effusion
was significantly associated with the presence of pulmonary
parenchymal infiltrate on CT scan of chest, suggesting that
the pleural involvement resulted from direct invasion from a
lung parenchymal lesion. It is conceivable that patients with
intact immune response are able to ‘localize’ the infection
in the lungs by mounting a vigorous inflammatory response
leading to increased vascular permeability of the pleura
from pro-inflammatory cytokines causing pleural effusion
formation. On the contrary, patients with disseminated form
of disease are less likely to mount an intense inflammatory
response in the lungs leading to less pleural inflammation
and pleural effusion formation.
While the majority of the pleural effusions were small to
moderate, about 40% of pleural effusions were large.
Previously, massive pleural effusion has been reported in
children13 and in association with pregnancy14 but was not
observed in this study. Interestingly there were five patients
with empyema where a diagnosis of C. immitis was
confirmed by pleural fluid culture. Ability of C. immitis to
grow in human pleural fluid media15,16 may help explain the
increased incidence of empyema in Coccidioidomycosis
compared to other pulmonary fungal infections. Although
hydro-pneumothorax has been reported to occur commonly
in empyema,5 only one patient had evidence of broncho-
pleural fistula in our cohort. All patients with empyema
required thoracotomy and decortication in addition to
specific anti fungal therapy. Although hospital stay was
longer in patients with empyema, there were no deaths
attributable to empyema.
Pleural fluid eosinophilia has not been well documented in
C. immitis pleural effusion. The predominant cell type in all
effusions was lymphocytes. Our analysis of pleural fluid data
from 12 patients showed that the mean eosinophil count was
elevated and that every patient had pleural fluid eosino-
phils. Therefore, presence of pleural fluid eosinophilia even
in small proportion should alert the clinician to a fungal
etiology where Coccidioidomycosis is endemic. Most pleural
effusion resolved with specific antifungal therapy.
In summary, pleural effusion is more common in Cocci-
dioidomycosis than previously described. Eosinophils in the
pleural fluid should alert physician if the patient had lived or
traveled to an endemic area. In the absence of empyema,pleural effusion from Coccidioidomycosis responds well to
oral antifungal therapy.
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